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FUEL INJECTION VALVE FOR INTERNAL COMBUSTION ENGINES 
[0001] Prior Art 

[0002] The invention is based on a fuel injection valve for internal combustion engines of the 
kind known from the prior art, such as German Published, Nonexamined Patent Application 
DE 196 18 650 Al. In a valve body, a bore is embodied in which a pistonlike valve needle, 
which on its end toward the combustion chamber has a valve sealing face, is longitudinally 
displaceably. On the end toward the combustion chamber, the bore is defined by a valve seat, 
with which the valve sealing face of the valve needle cooperates and thus by its longitudinal 
motion controls the opening of at least one injection opening which is embodied on the end 
toward the combustion chamber of the valve body. 

[0003] The valve seat and the valve sealing face are embodied as at least substantially 
conical. Because of the short opening times of the fuel injection valve, the valve needle must 
be moved with very great forces, if suitably short switching times are to be attained. The 
valve needle therefore attains high speeds, with which, with its valve sealing face, it strikes 
the valve seat in the closing motion. Especially in so-called common rail injection systems, 
of the kind known for instance from German Patent Disclosure DE 198 27 267 Al, stringent 
demands are therefore made of the valve seat and the valve needle, if a high service life of the 
fuel injection valve and the most uniform possible injection characteristic over the entire 
service life are to be attained. 

[0004] The motion of the valve needle in the bore is effected for instance by the exertion of a 
closing force on the valve needle in the direction of the valve seat. The opening force on the 
valve needle, oriented counter to the closing force, results from the subjection of fuel under 
pressure on the valve needle, whereupon some of the valve sealing face also experiences a 
hydraulically operative force. In the fuel injection valves known until now, seat wear occurs 
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during operation; that is, the valve sealing face and the valve seat come to resemble one 
another over time, and the hydraulically operative partial area of the valve sealing face 
changes. As a result, the injection is no longer optimal, and increased exhaust emissions can 
occur. 

[0005] In the high-pressure region of common rail fuel injection valves, which also includes 
the region of the valve seat, the injection events as a rule cause pressure fluctuations. As a 
result, between two injections, oscillating forces on the valve seat and the valve sealing face 
occur, which are superimposed on the high constant basic load from the constantly applied 
high pressure. As a result, wear, which impairs the service life of the fuel injection valve, 
occurs between the valve sealing face and the valve seat. 

[0006] Advantages of the Invention 

[0007] The fuel injection valve of the invention having the definitive characteristics of claim 
1 has the advantage over the prior art that the fuel injection valve has better drift behavior of 
the injection quantity and a longer service life. The valve sealing face of the valve needle 
and/or of the valve seat has microscopic indentations in the contact region, which lead to 
improved lubrication between the valve seat and the valve needle in the heavily loaded 
region. Purposefully adapting the microscopic indentations, which taken as a whole form 
microstructuring, to the tribologically relevant stress reduces wear at the valve seat and thus 
prolongs the life of the injection system. 

[0008] In an advantageous feature of the subject of the invention, the microscopic 
indentations are embodied as individual dimples that are separate from one another. For a 
diameter of the individual dimples of 5 [im, for instance, which dimples are disposed in a 
rectangular grid with a spacing from one another also of 5 |am, up to 10,000 deposits of 
lubricant per mm 2 can be created. For a larger diameter of the dimples, there are 



2 



■ 1 

correspondingly fewer of them per unit of surface area. The disposition of the dimples can 
also be optimized in such a way that the spacing of the dimples from one another in the 
circumferential direction of the valve sealing face or the valve seat differs from the spacing in 
the longitudinal direction. 

[0009] In a further advantageous feature, the microscopic indentations are embodied as 
grooves or groove segments, which are either separate from one another or which in part 
overlap or intersect. In this respect it may be advantageous if the grooves extend over the 
entire circumference of the valve sealing face of the valve needle and/or of the valve seat, 
which is easy to achieve. 

[0010] Because of the slight depth of the microscopic indentations, they can be made by 
various methods on the sealing face of the valve member. Examples for this are laser 
machining, hard turning, spark erosion, or lithographic methods. With these methods, a large 
number of lubricant deposits can be produced economically and in a short time. 

[001 1] Further advantages and advantageous features of the subject of the invention can be 
learned from the description and the drawing. 

[0012] Drawing 

[0013] In the drawing, one exemplary embodiment of the fuel injection valve of the 
invention is shown. 

[0014] Fig. 1 shows a fuel injection valve in the essential region in longitudinal section; 
[0015] Fig. 2 is an enlargement of the detail marked II in Fig. 1; 
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[0016] Figs. 3a, 3b and 3c, an enlargement of Fig. 2 in the detail marked HI, for various 
exemplary embodiments; and 

[0017] Fig. 4 shows the same view as Fig. 2, with screws as the microscopic indentations. 
[0018] Description of the Exemplary Embodiment 

[0019] In Fig. 1, one exemplary embodiment of the fuel injection valve of the invention is 
shown in longitudinal section in its essential portion. In a valve body 1, a bore 3 is made in 
which a pistonlike valve needle 5 is disposed longitudinally displaceably. The valve body 1 
is disposed here in an internal combustion engine, not shown in the drawing, so that with its 
end toward the combustion chamber it protrudes into the combustion chamber of the engine 
or forms part of the wall of the combustion chamber. Remote from the combustion chamber, 
the valve needle 5 has a guide portion 15, which is guided sealingly in a guide region 23 of 
the bore 3. Beginning at the guide portion 15, the valve needle 5 tapers toward the 
combustion chamber, forming a pressure shoulder 13, which surrounds the valve needle 5 
over its entire circumference. On its end toward the combustion chamber, the valve needle 5 
changes over into a substantially conical valve sealing face 7, which cooperates with a valve 
seat 9 which is likewise shaped essentially conically and which defines the bore 3 on its end 
toward the combustion chamber. In the valve seat 9, at least one injection opening 1 1 is 
embodied, which connects the valve seat 9 with the combustion chamber of the engine. 
Between the valve needle 5 and the wall of the bore 3, a pressure chamber 19 is embodied, 
which is radially enlarged at the level of the pressure shoulder 13; an inlet conduit 25 
embodied in the valve body 1 discharges into this radial enlargement. Via the inlet conduit 
25, the pressure chamber 19 can be filled with fuel at high pressure, which then flows through 
the pressure chamber 19 and thus reaches the valve seat 9. 
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[0020] By means of a device not shown in the drawing, a constant or chronologically varying 
closing force is exerted on the end toward the combustion chamber of the valve needle 5, so 
that the valve needle 5 is pressed with its valve sealing face 7 against the valve seat 9. This 
closing force acts counter to the hydraulic force that is exerted by the fuel pressure in the 
pressure chamber 19 on the pressure shoulder 13 and on parts of the valve sealing face 7. For 
controlling the longitudinal motion of the valve needle 5 in the bore 3, both of these forces 
are employed. If the hydraulic force on the valve needle 5 exceeds the closing force, then 
with its valve sealing face 7 the valve needle 5 lifts from the valve seat 9, and fuel flows out 
of the pressure chamber 19 through the injection openings 1 1 into the combustion chamber of 
the engine. If the closing force is increased or the hydraulic force is reduced, then the closing 
force on the valve needle 5 predominates, and with its valve sealing face 7 the valve needle 5 
moves into contact with the valve seat 7, as a result of which the injection openings 1 1 are 
closed. 

[0021] Fig. 2 shows an enlargement of the detail marked II in Fig. 1, that is, an enlargement 
of the valve seat region of the fuel injection valve. The valve sealing face 7 is divided into 
two conical faces, of which the first conical face 107 directly adjoins the cylindrical portion 
of the valve needle 5, while the second conical face 207 borders the first conical face 107 and 
forms the tip of the valve needle 5. The first conical face 107 has a larger opening angle than 
the second conical face 207, so that a sealing edge 30 is formed at the transition between the 
two conical faces 107 and 207. The valve seat 9 has an opening angle that is between the 
opening angle of the first conical face 107 and the opening angle of the second conical face 
207, so that in the closing position of the valve needle 5, the sealing edge 30 comes to rest on 
the valve seat 9. The injection openings 1 1, a plurality of which are as a rule distributed over 
the circumference of the valve body 1 , are disposed downstream of the sealing edge 30, so 
that they can be closed by the valve needle 5. 
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[0022] The switching times of the valve needle 5 are very short: Since in high-speed internal 
combustion engines of the kind used in passenger cars, there can be more than 2000 
injections per minute, one injection event lasts only approximately 1 ms. Strong forces and 
hence high accelerations therefore act on the valve needle 5 and cause the valve needle 5 to 
strike the valve seat 9 at high speed; in operation of the fuel injection valve, the sealing edge 
30 is hammered into the valve seat 9 somewhat as a result, resulting in an adaptation between 
the valve sealing face 7 and the valve seat 9. The valve sealing face 7 and the valve seat 9 are 
therefore extremely heavily loaded mechanically. On the one hand, the seat region of the 
valve body 1 must not be excessively hard, so as to preclude breakage in this region. On the 
other hand, the sealing edge 30 not be hammered excessively into the valve seat 9 in 
operation, since in that case the partial area of the valve sealing face 7 acted upon by fuel in 
the pressure chamber 19 would change and hence also the pressure at which the valve needle 
5 is moved in the opening direction counter to the closing force would change. A change in 
this opening pressure also causes a change in the entire dynamics of opening, so that a precise 
injection is no longer assured. 

[0023] In injection valves in which high fuel pressure constantly prevails in the pressure 
chamber and hence also at the valve seat, pressure fluctuations result in still further stress. As 
a result of the closure of the valve needle, the fuel in the pressure chamber, which is flowing 
toward the valve seat, is braked abruptly, so that the kinetic energy is converted into 
compression work, and as a consequence, pressure fluctuations occur, leading to a periodic 
stress in the region of the valve seat and the valve sealing face. Fuel injection valves stressed 
in this way are used primarily in common rail injection systems. ✓Moreover, in fuel injection 
valves in which the closing force on the valve needle is generated by the hydraulic pressure in 
a control chamber, pressure fluctuations can occur in this control chamber, which once again 
can lead to periodic forces on the valve needle in its closing position. 
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[0024] To reduce the wear at the boundary face between the valve sealing face 7 and the 
valve seat 9 and thus to increase the service life, microscopic indentations are embodied on 
the valve seat 9 or on the valve sealing face 7. Fig. 3a shows a first exemplary embodiment, 
in which an enlarged detail of the valve sealing face 7 is shown that is marked HI in Fig. 2. 
The valve sealing face 7 is covered with dimples 32, which are embodied individually and are 
spaced apart from one another. The dimples 32 are circular microscopic indentations, which 
in this example are disposed in a rectangular pattern. The depth of the dimples is 0.5 |im to 
50 p,m, and a depth of 3 |-im to 20 |im is especially advantageous. The dimples have a 
diameter between 5 p,m and 100 |am, and a size of 10 [im to 50 |am has proved especially 
advantageous. The spacing of the dimples 32 from one another is in the range from 5 [im to 
500 |im, but in certain cases can also be outside that range. 

[0025] By means of the dimples 32, a fuel lubricant film is kept on the valve sealing face 7, 
so that even when the valve needle 5 is closed, or in other words when this valve needle is 
resting on the valve seat 9, adequate lubrication between these components is assured. The 
wear between the valve sealing face 7 and the valve seat 9, when various operating states of 
the fuel injection valve lead to pressure fluctuations in the pressure chamber 19 and hence 
deformation of the valvejbod^i in the region of the valve seat 9, is thus reduced. The same 
wear-reducing effect is attained if such dimples 32 are embodied in the valve seat 9 as well as 
in the valve sealing face 7. It may also be provided that dimples 32 and hence a 
microstructure are formed only in the valve seat 9, but in general it would be easier to 
embody a microstructure on the valve sealing face 7 of the valve needle 5, since that face is 
more easily accessible. 

[0026] Fig. 3b shows a further exemplary embodiment for microscopic indentations in the 
valve sealing face 7; the detail shown is the same as in Fig. 3a. Instead of dimples, groove 
segments 35 are embodied here, which in this example are arranged concentrically around a 
center. The groove segments 35 create a preferential direction, so that the lubricating action 
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of these microscopic indentations can be optimized by means of a suitable orientation on the 
valve sealing face 7. Once again, it may be provided that the groove segments 35 are also, or 
exclusively, on the valve seat 9, depending on what is more suitable for the lubricating action 
or involves less cost. 

[0027] Fig. 3c shows a further exemplary embodiment of the microscopic indentations, 
embodied here as grooves 38. The detail shown corresponds in size to Figs. 3a and 3b. The 
grooves 38 extend for example parallel to one another and in a tangential direction on the 
valve sealing face 5. This is shown in Fig. 4 on the first conical face 107, as an example. 
However, it may also be provided that the grooves intersect, as is shown in Fig. 4 on the other 
conical face 207. Once again, the lubricating properties can be adjusted and thus optimized 
by means of the orientation, width, and depth of the grooves 38. 

[0028] The production of the microscopic indentations 32, 35, 38 can be done by various 
techniques. For grooves 38, fine turning, hard turning, or jet machining is suitable. Dimples 
32 may for instance be made by microembossing, spark erosion, or by lithographic or 
electrochemical methods. The same methods are also suitable for making the groove 
segments 35. Once the microstructure has been made in the valve sealing face 7 or the valve 
seat 9, it is provided that the surface be post-treated, for instance by lapping, fine polishing, or 
finishing. Which method will be selected in an individual case depends on the type of 
microscopic indentations, on the material, and on the size of the face to be machined. 
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